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(54) ELECTRICAL ANGLE DETECTOR AND DESIGNING THEREOF 
(57)Abstract 

PROBLEM TO BE SOLVED: To attain detection of sensor-less 
electrical angle, by calculating the behavior of ideal current in 
switching with no dead time, between the mutual behavior of current 
where the behavior of current flowing through a prescribed phase of a 
coil winding according to the applied voltage of the coil winding of a 
motor is detected at a plurality of times of timing, and the behavior of 
ideal current and computing an electrical angle. 
SOLUTION: A voltage applying part 130 for applying voltage between 
respective coils in order to obtain respective phases of current of a 
motor 40 inputted separately is provided at an output part in a 
controlling ECU 100 equipped with a microprocessor CPU 120 for 
arithmetic operation. The control outputs Gu to Gw and SD from the 
CPU 120 are outputted in the voltage applying part 1 30, and the 
voltage applied to the coil of the motor can be controlled from the 
outside. The detection of current may be conducted by detecting its 
behavior three times or more at the completion of forward voltage 
application and reverse voltage application. It is thus possible to 
eliminate the dispersion of switching elements and the effect of 
temperature or secular change thereof, that is, the effect of dead time. 
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(Tu + , Tv + , Tw + ) (C-y-hfi^SAstjf Sfc 
^^©[ilKT-fet), U, V, wc^^arttc h-^Vi^^^^' 
>^N--^|gii;fflSS (+V, -V) ©v-;p^<li:->> 
^ffliltc^^x^tiSei^^ixfc 2 o© h -5 > i^;^ ^ J: t» « 
JE!R^^^T^^«. i'^^^WrU F^-f miS&l 3 4©;^fig 
*)|3]«T^S. V-;^{PJ7-'J Kv^- T'ElfSl 3 2 

:fciUfS>>i'{Pi)>^'J K 5 -f >^IH]SS 1 3 4{C{±, $fJffllfflE 
CU 1 0 0*^f>©§iJ»{i^Gu, Gv, GwSi^#{C:9- 

[0 0 3 7] -f ViJ' 7 3L-7.^ 1 3 6 ©«JlKS, U*aS 

fi»iicsiB8-rs. siJWfflEcu 1 0 0A»?,©e^i^tt, 7* 

IhIS&D 1 y + iJJ;UfT> H-^— h Ag + s^ur 
V-XfJlT-'J K^l':r[elE&l 3 2tS^^nTl^So * 

-rwt— ^Inv, U-f HESD 1 y-i5j;VT> K 
'y-hAg-S^LTi'>^fJ7-'; K^-f 711]gSl 3 4 

+ , Dly-tt, Ktl^fl^mS.ifif^'iti'h^-Vi^i^ 
S. 

[0 0 3 8] ±f3T> K-y— hAg + , Ag-©{fe*© 

A±({r{i, ^Ui:*JS:^B#{^:^7i:t-Sfcfi?)©S^A"^ h<5^ 

i^^^if V'^'^ym^ (SD) ASa— T-a&5J^-&H 
{i, c::^Le,©T> K'y-h©tli:*Jii-r'^To-i::fesfe 
4t), h^^i^X^J'-T 1 3 8©±-r©y— hft^ 



ixTV^Sfci*. ftiJffllfflECU 1 0 0A^e>«BEWAngl5 1 3 

ot:ttl:*3?nfee-^Gu, Gv, Gw{ci*;i:t^T> H 

[0 0 3 9] -i >^7 3i-;;^gpi 3 ecD^tg^ift^-T 
S. $iJfflIfflECU 1 0 0*s, Uti©(t^^D-*'e>>'%'f 

rvK-r-hAg+icjiT^-Y i/'fig^D i y + tct fj?^ 

1 3 8CDV— ::^{PJ|® h^>i?;^^T 
6&1 3 4t{i. ±13«^{±-f I n.wxmm\^X 

i^yi^my^) Y^-i-:fmmi 3 4fctts<jmifflEcu i o 

[0 0 4 0] ji*{cUffi®{t^Gu<S:M^*^t,D-(C^U>) 
t ^(Dm^OiXti t. (a(S|B)B#{c b ^ > 

*s3t- h »} ^ '^^yY^^h.^fz. nmtlx 

Au (t 1) = {1 -exp (- 

[0 0 4 4] ( 1 ) (c J;n{S. SSScDJS^ttJ^^fcJi 

S5:d3i:*ST-§i., OS t 1 *s^-^B#^ISTmi 
^)^)+^'^^^<^i:^^^lfe^^T"C•±^C (1) <fe7^-^-il 

ra^sdttcj;*). ±^ (1) (2) (oWi'Xmo 

Au (t 1) =E 1 • t l/L - (2) 
[0 0 4 5] iSi (1) Sfc(±S (2) «ffiB3»l]B# 
0«liSAu (t 1) CD^l&AS'('>y^^>:^Lt/«5bT 



# M¥ 1 1 - 6 9 .8 8 4 
h 5 > i?;^ ^ T u +*J itJfi' > i^ffll N 5 Vi':^ ^ T u - 
V, W*a{r-DV>Tt)i5l«T-feS. 

[0 0 4 1] w±cs^ ufc^-^®w^B 1 0 <Dmm<D 

«M-b>tH 0 2~1 0 4. y-iJV^ 1 0 6~1 0 
8. ADC112~114. «£EEpADgP 1 3 0 43 J: VSl] 

fPfflEcul 0 oAs*^B^^::^,^a«^^t^al^gc^B^ 
•rs. 

[0 0 4 2] ( 2 ) s^^tftm® J^S 
|p|«B^-^ 4 0©^ffl|ilESia®Uffli:VWfflratc:m«© 

Srlll^lRlSJIiiigi^) « SBEE 1 ^gi;!)Dbfc^®ja«f£; 

0iJ*^sbfc©*5, ^6®</-77T-fe5. ;&4b\ HI 
K®>f ViJ^i'^VJ^Lti. -^OB^CIUte^S 0®«M^ 
(9®Mti(i::)feoTV^So fin*.^ Ilfe^^ 5 0 bT V> 

®dfaiAs«^a<]{cq|lllt5k«fb-t^-r^ tcj: 

m^nrzm^ifiy'-:^ji'¥^AX'ROM i 2 2t:8a«$n 

[0 0 4 3] la4lC*■rt?^ffill]i&C43V^TM^^5S^K 

(lilT. UffimiSti:!!?^) Au (t 1) affiHJJfjD 
4^. ip*.H6®EKD itcitev^-cttifeS (1) ®;i&^^ 

• t IXL) } E 1/R — (1) 

mix*} i>']^^\.^mmm. i m 2 b** v£*.±*se.«f: 

[0 0 4 6] ^mmmx-tt. *^A^s#t4t;sa!*. «EEg] 
tmTt^iz^—$'mmizmtix\.'>^mm^tktii'r^. jfe 

{rc®«iffifit43«tUf-eoflbiiE«l®»S^SC (1) 

A (2) tcf^A-rs^fcJcJ:?), >f ^y^i'V^^L&gL 

Hi-rSo SuM®at)> ROMl 2 2lC{i. 7^— 

T'-r >y^^ >x L ^:«^^®M»*5§B^t^n-^:v^sfc 
*llifi^®m^tftHi^Stt^ nm^titz^>'Sri/ 

S^^*5R»i.o ^ib\ ±j?E®l5iB^T-(is -f ><5^<:7 
^>X®t^tB:&«ffiSIiDig^TB#®«iSttIml. Im2 
^^ar3^^TfTa*oi:b■rv^5As^ *®ffe««Sf»Au4S 
Hlf^®<Blc:^-r S STKSt-S^P^Sfflv^ s 4i® i: bT 

*j:v>b> ms.mm (ia6®EKDi) {3*5it?.«jK 

®^{b^S:fflv^i)*>®i:bT*)J;v^. J&^D, ±a>®M» 



(9) 



iRfM¥ 1 1 -6 9 8 8 4 



[0 0 4 7] *^ss^jT-tt, m%M<Dtmmm^^isbh 

[0 0 4 8] ^7CDGu, Gv, GwH:^ U, V, Wffl 

CoV>TfflfflIfflECU 1 0 Ot^i^mEEma&l 3 0lZtii 

i?;^^''r 1 3 8 0DU*iCDV— XfflUNv^S^y^iJ' 

1 3 6(DT> Hy— N Ag-©^±l:^^ m*> 
^ >n—if 1 3 8<Z)U*iffiS^>i5'<»lh5>i?;^^Tu- 

Plat. Gv + , Gw+{± 

V, WfficDV— ;^{pi)b^>s;x^Tu + , Tw + CD'T— 
h{s^<£*U. Gv-. Gw-ttV, W1S©i^>^«!lh 

Vu, Vv, Vw{±^h^>iJ;^^©;^'1' >y^>^CDJiS 

(i. UffiA^f,v, w^aic:mns;5(fiiSlE:^|pli:bTx ^ 
—i' 4 0©3-i';i/#i^{zgg*xsmM©«^Sr^bfct)© 

[0 0 4 9] mmiz. mmoD^^(Drzist>. 9cizm.m\^rz 

5t*3VAT7^'f U-f gm&D 1 y + , D 1 y-*s#^E U^B: 
v>J©-&{c:s^^b> h v>v?::^4''r >^^*— ^ 1 3 8®&h 

SiJffllfflE CU 1 0 OA»e>®m:tfffi^G 
u, Gv, Gwt:^t)H+T^B#K::t-> • :r7AS^0!3#to 

[0 0 5 0] ^iJffllfflECU 1 0 OifiioGu^^\-flZ-r^ 

^^>i':x^'Tu-*S:t7i:^:S^:«>^ ig7©Vu^-\' 

V. Wffi©S{ii;{iD-ffeSfeto> ^^^b^i^HttjiB:;!? 

7{C;^i^T-g^bfcf®?)UfflS?SS4s«ffinB:b«)5o 07© 

c t: *5UT 4) |3l«©4;<t^*Si|t^ ^ tl S o 
[0 0 5 1] $iJ»ffiECUl OOA»e.Gv, Gw 

^yUicir?,m^ifitiii]$ti?>t (07©ffi«d. 
e) » V, W*a©y— ;^ffll© h^>i?>^^Tv4-, Tw 
+ AS:t>i:JSSi^^. V, Wffl©a:{iAs>'\^' Jit&s, ^ 
•oX. Uffli:©»4ll*s;fe<;5:i,AJ, J; <^5qt>nTW^S 
a»3. ^-<J'4 OC^-f^I/S 2{C(±CI®fc;tSJffi&i8l^ 

«»stt-e©ss$ti#^n5, mm^iis \5^i^mMit.w^ 



a, SJit©MSfi(±M1ST-#So 

[0 0 5 2] Gv, Gw{;d— ©(t^*sA:^^n-S.i: 

[0 0 5 3] }kicm:^mms.^muLrzm'^iz^^sx^ 
m-t?>c mmizm^x. gv, Gwtcn-rcM^^x 

^^x. •€■^^s•r'«tJ^^t^tv^feu^as^l£{i^l^'J^bTv^ 
<o iau mmMifiiExi^ztzit)^ u*i*>e>v, w+ik 

©V— h^>s;:^<5'Tu+{±:t7fc?a:-3T*5»3> S 

ti^tt f> ixfc 7 ^ 3^'f — -f 3l— K D u - b 

#M) o P1«{CV. W*g4)V— :^{PJ|® h^>2^::<;5'Tv 
+ , Tw + {C36?U{C|9:lte>nfc7-7'f ^n-f — ;i/y'f 

K (Dv+, Dw+) ^m^\yX±nu<D^j—:^mizm 

[0 0 54]i»:{C. GuiZ/\-i<Dm^t^liitJ^tl^t 

imm, m) , mmmmtiizx*)ismmmifimi^^ 

tl. Gvit,ZO—(Dm^*^iiit}^tl^t (mmn, o) U 

mmmiitmnm'i>ir?>o ^\^x. gv, gw^p— ®ft 

^f^^ti^ixfzm^ (M:^p) T-S»^f*tifi0CM2.. 
Jil±4S7^f K^J'^' AAS)&V^ti■^®mJE*5J:lFS^St©«^^ 

iD^nfeB#F^ (li^b, c, f , mxzn^-t^nm 

-^J' 4 0 ©^' ><5^^^ >::^S»m-rS i:AST-g 5. 
[0 0 5 5] |lS:&(pI«£E©SliD4'{-Gv, GwfC 

©fi^^tB;^bT:v'>5©{i («^d, e) . P'f;!/ 
C SI Jn $ ti S «BE © ¥*S fil & SiJiW t- S K) T- 5 . 

©Hi±;^iJISfe bfe U ^ |p]i!c<&ii^ bfc bT J:v>o 
[0 0 5 6] ti±AS. ;$:|y£^J{c:fe(t5«^^tfetb©il 
at-fe *UlBSAi)S5tfTii^l5 {1tiB¥7 - 1 7 7 7 8 
8) {C4ba%T^^bfc«fcmjgai:|Blb4)©T*feSo 
H^^' A©^#>bs^:V^«-&^3^±. ±f3l^a{3a^^^Ta 

[0 0 5 7] i^z) mmm^nir^T'vY^-i h.(D^m 

b-^J'-f A®»S^CO^,^T07 5S:ffl^^TlteWt-S. =rv 

AASjfeS«-&®««^®«? $0 7 ®Uffl«^^®^ 



(10) 



wmz.i>s-y >Lti.:k>if' (0 7®Gu-) , v—7.mv^y 

Gu+) o SfeoT, Uffl«SS*)^«{cf«Eni&toa. 7^ 

>v K^-Y AAS)5^V^®-&^C]t^T. mm:>(D^ (0 7 Vu 

[0 0 5 8] «^dK:*5V>-rx Gv. GwfcyN'f CDft^ 

*sfcB*^n5.i:. V, \i%'^o:>'yy'?ma^V^y^J7.9l 
Tw-Ji^CD^ratst-^iiJ&S (laTCDGv-, 
Gw-) « Uffii:V, WfflP^ttt^SSfcffi 

V, Wffl^c^iS^^ii^e«^S{i^n^i^v-^{|!]^5>i' 
>C^Tv + , Tw + {caii9lJ{Cil;te.nfe7^>f ^^'f-;!/ 
<5''1':t-FDV + . Dw + *,^ft btlffiflSO-efeS. 

V, W*i®V— ;^iPi|h^>->';:^^'Tv + , Tw + CD-if- 
h«^Gv + , Gw+AS-'N'f hJ&Sj&s (««?e) , §I§ 
^^^^-r^tJ^r— KD V + , Dw + Sr^e&U 

tt, Gv, Gw(co-ODfi^Asai;*j$tl (^J® 

f) X V, WffifflV— >^ffi[|CDh^>i;>^^J/Tv + , Tw 

hft-^Gv + , Gw + ASD — t^i;-DTt)^Ybb 

g) ^ V, W;jg(Z)i^>^{B!l© h^>i^X^'Tv-. Tw 

75; Si:. Uffitc{±WVjii;&lfil«ffiAssiiP^n 

[0 0 5 9] -e®^, GutCD— ©M^A^ai^^^^S J: 

[0 0 6 0] *{cM*lRl«ffAS93Aa$nfclg-&{col>T 
IftB^-rs. Gv, GwC>'N'fCDM^*stB;^j$;}x5i: 
^j) V E7l-^t-a!5> V, \Nm(Diy>->mh^>if 
T.i'G'v-, Gw-li-efflB*HlC:2h7i:J5:So 

^«!lh5>i^P^^Tv + , Tvr + icmmvimifiinrzy 

®y— X(Pi|h5'>i^;<^Tv + , Tw + AS;t>{c:3fcoT 



!^mW- 1 1 -6 9 8 8 4 

-i A^-fzifmMLfz'^. V, w^g®v-:^ffiah^ 

>i';?i<J'Tv + , Tw + *S:t>i:^^Tt) (Mi^k) , 
[0 0 6 1]*®^. GutM-f o®^AstB:*3^nsi: 

{c: Uffl © > ^{Rl h 5 > 5^:;^ ^ T u - 3£?iJ (c 19! ft e> n 

7 5 'T Th'f :t— K D u - ^IgS LT^tlT V^ 

^>J?;^^'Tu+AS:^->{C)&Si: («i^m) , U, V, 

(07 Vu®>'N'vf^>^^) ©^;e 
i-fm:^[^ms.ifiTS.l,tzZ i: iCTfe s . 
[0 0 6 2] ^©^. GutD— o©^AsitS;^J^ni.i: 

^Tu-©'!?'— hM^Gu-AVN-r i:55:^T*) (M^ 
o) ^^bb^V^o 5&*>^ «^ot*5V^TUffi«ifit(ift© 
ftti::*?). SiSttV, WfflA^e,gStiJbTUffi{c^,njitf 
J:-5K:'Ei:i.. tJEoT, i^VATGv, Gwtn— oft^*J 

«i^#f^ns, |lI7©^57*>ie,^A^.S3if3. 7^«i'K-$''f 
AAS;fev^JB^i:M*^)^ it;^ffiI«ffi©EPAaAs$|T bfcB# 

^T- vmmmmum o «c e> v^o 

[0 0 6 3] W±tlateB^bfca5> T^^y h-^-f A*5feS 

T^tztb. muii^i^n^^x^m^titzmmu^mmi:: 
fflv^•r^' >1^^^'^>;^o>v^•rttsa^s^^±sbfc©•r• 

[0 0 6 4] ( 4 ) *|gMt?!lffl«a^*^tB^S©IS;tt;& 

m 

*IISilfi»Jt:i3{t5«Sl^tftad^S©IS;fi-*»i:bT. ± 
135^ >y A©^#^|^*bTS^^^m«M<t^tH 

K^-r A©>^^HJ;t)ffl^Sb^5:^^o iJfeoT. ^^^b® 

mm^^HLmmAitT^t. 07®vusfe(ivv, 

Vwc}3{c:^bfeM>y^>^gp^9-l*m{--r3$> Ai-ro 
«lSfa©^^AsJi;*cb-rv><cii:*s^A»-5. 07©^^ 
it. ^^f ©«lTl^j^RT-7=5' F^J'-f A*sfe5«-&0««K 
fiStt7=>v K^-f AAS35:V^:®^®S^gffitc:lt'<•r 2 • Ai 

■fzim<tii\). mnKomrmi^r'iii. 3 -AifcJt® 



(11) 



!Hfia¥ 1 1-6 9 8 8 4 



t^t. 9c.lz^-<tz^ (2) ;&ffl^^•r^ Ai = E l • d 
[0 0 6 5] i)jK«M«[*t^ittl-rS2|Il®^J'-f $>^S: 

*)CDT-H:j5;<, «?!liLK^ lii;?iaim£E#WJP$ti-rv>i)i^ 
4'{::2|5it^ai-rst.oi:b-C*J;v^L, jS»;i^|qi«E3bsffi 

[0 0 6 6] ±Ha^'f ^>yT-«iKS:1i^^tll-r5®^> M 
TttaiLfeSgitfit<&a 2i:b. ^^^^ -Y 5 >y{C*5V^T7= 

(3) (Drnm^m^L-r^o 

a 1 =A 1 — n • Ai 

a 2 = A 2 -m • Ai • • • (3) 

Al=El-tl/'L 
A2 =A 1 -E 1 • t 2/L 
= A1 (1-t 2/ (t 1 • 

nt:3^ jvmmcD^ >yi^i/>^x-^^o tfex 

*j^nTV>5^FJ-efe?), t 2{ijt*lRimffi«®S:^b 

Al = (m-al-n-a2) 

/ (m-n + n • t 2/ 

±§338^^:*®^ (3) . (4) 
mU(D^yv^i'y:=^L^^^ (6) ©ji^T-itjtss«)5 

L=E 1 • t 1/Al 
= E 1 • t 1 • (m-n + n • 
/ (m • a 1 

(2) {Cf^;?.T> tfeai^nfe«^f«a 1, a2Sffll.^fc 
±i5; (6) :&ffll>5*)CDi:1-tL«, 7^\y K^J"f ACDI^S 



h) UfflcDV— ;<fj|©h5>i?;^;$'Tu + <&^ 

cov— ^ffl[lcD h^>i?:x^T v + , Tw+$:3i-7{3fS 

5Gv, Gw'vO>'^-|'CDM^A;^*s^&^ti^^^^ n= 1 i: 
J&So Gv, Gw'sOM'f CD{i^A*J*s2iafeJl± 

fft>tvSi»^t{i. ^cD|li!(C^&bTn^ 3 i::feSo - 
rate. #ia's©«jE©EPiDS:Miig1-^§$iJJBfi^CD 

a:, V, Vfm<DV—:^mh'y>i^7.^T-v + , Tvr+ifi 

1, mt4o(tSGu'\CD-'N'f ®(t^A:*;A555:ttti{im= 
ni;«:5. Gu'vOnvf ®©^A;d4S2|51tl.±ff 

[0 0 6 7] tg^h, p{ci3(tSfl5S®SJ®.fitA 1. A 
2{COV^T(i, $fe{C^bfcS (2) t»c5V\T, ^tl-e 
tliJjCDii^k (4) AS^AfS. 



L) ) • • • (4) 

JEfi?iJT-«iA2 = 0-r-feS, 
[0 0 6 8] ±^(3). (4) t*3{tS*^S!({ix A 
1, A2, L, AiCD4oT-feSo -^^®fte®»S{*^ S 
JSOtftUifiSal, a2*5J:t;fGu, Gv, GwO<t^>'l 
^S' — >A^e,^^$n-S>fitn. m. tl, t2, E 1 
5fc»gt5EnT-$)S. i«oT> S; (3) (4) fp®40® 
^*jSifc:&gai: bTji¥{t«^ ±fa4o®*»ia?&-« 

(5) i:5fe.5o 
t 1) • • • (5) 



t 2/t 1) 

-n-a2) ••• (6) 

[0 0 6 9] ±^ (4) {343VATv ^2®1^di^-r ^> 



(12) 



nmW- 1 1 -6 9 8 8 4 



mm.iF (Ai) t-ttm. *ll^£fi«J^c43v^-c^i. 

F (Al) =A1 (l-t2/(tl -L) ) 

-r-ifeSo ci®iiisF (Al) (i. mm^tkm-r^mm 

F (Al) =A1 (l + t2/(tl - D) 

Sfe^ A 1 =V • t l/L;&SM0^*t$.SA^ 
±t3IIISF (Al) A»5>V, L&tiiL&JKfc-rS 
i4:t>T-?2.o F (Al) *sif®<ta3B:BSC®IIIS-C-fe 
oT'fe. ±SC (3) . (4) 

«iSt®iifflfitA 1 !fc-«6<j{ricm-r2.cit*s-t-§s, 

[0 0 7 0] W±iiB^Ufe|g;st:&^£^^4oV^Ta:^ fiSiifi 

SHU^{Cj3tt.5«i^©gE<b«Aa 1 (07CD^:^aA>e) 
AA 1 = (k • Aa 1 -n • A 
/ (k + n • t 2/t 
L=E 1 • t l/AA 1 
= E 1 • t 1 • (k + n • t 
/ (k • A 

«6o-r. ■<>'Srffi^>:^^wtii-r?>mic. ±^ (5) , 

(6) iZiX^r. ±^ (8) $:ffl^.^S^,®fcb■r4). 7^ 

A®H^*f3m UfcT^— S * CD i: -rntf^ 

^M?£aS;tt 2. :i t § 5 . 

[0 0 7 1] ( 5 ) m^^mmm<DmMfHm 

5^>Col^TIII8$:fflV^TateH^-rSo m 
8{C^NbfeS^^t^ai;i'-f^>Ji, $iOTfflECU 1 0 0 
izm^^tltiCFU 1 2 0*sSlfT-rS;i'-5^>T-fe5. 

[0 0 7 2] fgfsM^m)v-^>ifimi>^^ti^ii. CP 

U120{i. S-r«]^S«Sfita Offlttffi^fra (Xt^-^ 

7-s 1 0 0) . *<*;6<j{3{±, u*it^Mns«ssfa{c/Sb 
xmm^>v-i 0 2A»c,m*^ns(g^%7'f;b^$' i o 

643J:VADC 1 1 2 ?fe^LTA:<j3j<- b 1 1 6J;t)i5 

5^3itr®T-fes. »:{;cpu 1 2 o{±. m:^^m&(Dm 

m^mi^ir^ CKy'^yyS 10 5), M<*;e<J{C(±, «E 

-roM^^fea^-rs. «E?feeiAn-r5^'?^'->{i. 07 

f3?Nb;fea»3T-feSo UffilCtt. m7<D^^ 

[0073] cpui2oa:. d®^. itvruvi^^ 

AASigjai-5®<fe^o (;^7^y/7*S 110). -y-VT" 



HU«tr4oJtsm»Po®^^baAa 2 (@7®^^i*>f,fa 

^ ti^ti®«jio^fba®asifit& AA 1 . 

AA 2 i:t-5 iis ±S (3) (4) ICf^^T. 

(7) a^m^Lt^o 
Aa 1 =AA 1 — n • A i 
Aa2=AA2-k • Ai 
AA 1 =E 1 • t 1/L 
AA2=-E 1 • t 2/L • • • (7) 
CL^LX'. k{±a^©^^bSAa2St^ffi^SS8F^{C:fev> 

»:feJ:i;fV. WfflUi^1.®ffiOV-XffiI®::^-< ^y5=->^3S 

fflV%Ta-fr«k = m-nT-feS. Z:®:®-^*)^ ±5!; 

(7) sa3:;^iga;fcbTS?<:ii;{cj;>). SSiE^^bS 
®a^.filAAl. AA2 43«tUf-1'>y^^>XL?&?fe5S; 

(8) ®a^3^ -^«jicgtm-rscii:AS'r-§s. 
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1) 



2/t 1) 

a 1 -n • Aa 2) • • • (8) 

-rxoic, V, wffiC¥i9«E*s<jffli-rsfc«)®mffi>'^ 

;i/>^^ttJ:'3-rst)®i:bT*>J;v>, H^tti. CPUl 
2 OJi. ^-^ 4 0®a-<?®$iJfflI;b-f^>{c-&fc-B-r^ 

^^^^-Ai^ji. :z(Dm*)j2<^mm<Dmm{SX'm^n^^ 

jgbfc^i^aT-SiJ tJa^Si^EsaSiPit S*®i: bTV>5As, 
|pI«]E® ffiJolBi(&** c.«T-lttB5-r s mjiStftitl * T'® 
^jl^F^ASiif «f ^ -S *)®T-fen«> 1 ^vT—Vay^ 
S ^ 7 b fc ^' -f ^ ></^'iJr b t -^® B#F^ 
PBi:H:'&e>'&:V^^5'-Y 5 ^^^^-y-vru >y^'f Ai: bT 

[0 0 7 4] -y-vrU >^;5'^ A*s/Siibfe«. CPU 
1 2 0{i«^f«a 1 Srtfeiilb. Jli*|piaffi®fflAD5&<#± 

■rs (^7^>vrs 1 1 5) o «^s^it®«^tt5^:^ mjE®^ 
Anf^^ttv-'-rtiAs^fer-feoTfeMfcj&iNo 07 
^l-Mt)^ «E®93J!ia^fe<f±bTt)b{ie. <«iSfiS«i«i 
Sffi®BiJD?&f?ibbTA^e.««S*seiisb 
«:v^SSOWralS3abfc^K:m^Kffia 1 <&«imt- 5*.® 
i:b•rt)J;^^, ^-5 bT^^T^^yT'S 1 0 0:teJ;VS l l 
5^c*JV^■r«^i±5^^^/t«^^^aa 0, altj;??. JlT^lpI 
SiES:EPin-ri.HU^®««St^<bfiAa 1 (=al-a 

0) s»m-rscii:tfT-§s. 

[0 0 7 5] *o;^7^';'7'-r-, CPU 1 2 ottuffinia* 

*(qi®«JE$W*nf 2) (;<7^>;'rs 120). «f*:fi<Jt 
{ix «EEWADgei 3 0t?sfb. GuK:D-®f5-^sai;tf 




Gv, Gwt>'^'C®^i^i&tH:^J-r•2><, m:^\^m&(D 

^A^?>ja4*|SlSJES:EriAD-rst)©i:UT*) J:V>o 07® 

[0 0 7 6] j»:^[plSJE®ffIiDSrM$&bfc^s CPUl 

12 5). 7P— 5^1'— ^^cl±^bTV'»6i:^^*s, 071c 
5^-rj;^C, Uffitc:¥i9«jESrSiW-rsfe«>©flK>'Vl/ 

{±, ;^7^>yP^S 1 1 0 tlHHt. C P U 1 2 0 A^SlI t) 

*II«S««IT-B:> ^®it»CD^^CDfc«>, ;^7^5;rS 1 1 

0 iiS 1 2 StCjSltS-y-^rU Vi^^'T A{±|5l-®Bffffl 

[0 0 7 7] V^^-f AAS)giibfcB#^rv c 

P U 1 2 0 liimmma. 2 ^t^m Jt^lSlfllEEOEPAD^ 

(X7^<;':rs 13 0), mm.mcD'ikm^ ^ ^ > 

1 1 5©gJiq8-CxE'<fca'«?®g3^?&ggt)oS. CiabT 
;^7^^yrS 1 1 SiJitJ^S 1 3 Olca^^Xtktii^ixtim. 

t^S<b»Aa2 ( = a2-al) tiW-iiiT ^ Z hlfiX' ^ 
SSiE^fbSAa 2{±CCDJ©^, *®ffii:^5o 

[0 0 7 8] c p u 1 2 0 it^tii^ixtimmmih 

«Aa 1 . Aa 2 *fflV^■rS^fi^^'^ba®a^>ttAA 1 * 

Altt, ±S; (8) izn=2, k=l, t2 = tlftft 

AbTff^ns*^ (9) {ca-:3^^T»tii^^^So 
AA 1 = (Aa l-2Aa2)/3 •••(9) 

cpui2 0tt. :i(ommt:mr^^xmsiM^mmir^ 

i:7.7'yrS 1 4 0) o t)> 9ctzm.mi.fzA (2) 
S:fflV^T'^ >^<5'^J'>>^L^»aib, S^^i:^>^^ 

^s^«)S®T-feSo cia btmst^i^^mbfcfcci^ 

CPUl 2 Oa^^lttiS;!/— 5^>*— mTt-S, 
[0 0 7 9]*:ij\ S^^h-f >y^'<5'>^?&§eig:bfe 
5^-:?';i/©ffjiCK:J;oT{±. Uffi«S£&t^aib:fe:e»fr- 
tts SM:ftAS0~2 7rCDl5iaT— «a<J^c**e>^:v^^^ 
i^ipsi^^titt. 0 7jc^bfc«^^1^tti;i/- 

b^ ummmtz&-^<m^^(Dikiiii^mtvmmmiz& 
[0 0 8 0] ti.±{'^bfciisse?!i{-j:n«ix 7^>^ k^j-^' 



!i^m¥ 1 1 -6 9 8 8 4 

^S1i^liibfeliSliS^«*ia9{C^x1-. 0 9{i, ^-<5'4 
OOiate^ 5 0*519)0 < 13 hIllEbTV^SJg-&{^4^V^ 

S^tfttH^Bt J; ?) mM^^^t^m bfcl^**^> bT v> 
l2I9{rg|JfST-«bfc®:i?f)XIttO</^7Asltaj$ 
^^&«^^&SbT^^S. «^^H:0Kipe.3 6 OS* 
■t-^>!?(cii;*;b. 3 6 OSt:^-rsi:tttt^jti^S<>tO 

©T'feSo ^ib\ ll^^gi:bT©^-^$'4 OttMSStc 

^±-^®^jSJKT-llteb■rv^55;v^feto. 

^ll<&mbrv^So MUtt, la 9 0 i: bs It 

i:bT, /J^$V^J®^{C^±fl©^iti:b■C^$^^TV^5. 

[0 0 8 1] mznm<Dmmm'^^:m.mm(Dm^n^ 
^t^^s^c;■^v^T^bfct)®*s^ 01 ooii^^^ffes. 

EI 1 0 {c^x-Tii t) . y^-$mm(Dm^n^^mwLvz <t t) it 

H^f A®^#^S{t-r{c:#St)W§e^<SM:ft?£ 

[0 0 8 2] *fc. if.mmmx\t. 2m<D^^ ^.y^r- 

AA 1 Sr»UibTVNi. (^X^^yyS 13 5) o t). 
5^^; K^'T AtCfSbTSiJfflfflECU 1 0 0A»e>«ffi9]iD 

cii:«:<, AOi^»*Sft56-rsc:i:*s 
T-^S, b7!p*). ««iit^{bfi©Siil«©»m5S; (9) 
{±, 7^^:/ K^J'-r A@*{C«ci¥-r-5J&T-tt>5:<,>fc», «ff 

giinspi 3 0(D/{ >'!fy:-^—7.^i 3 6^mm-r?>m^ 

A©s^*5^^bbTt)> ^©i^«*s(t-r{3s^b-r 

^<bgK:»r3V^TS^^%&^m-rS'&©i:bTV^.5fc 

?a]SKU:7 h^(cJ;>}«iffi-b>+M 0 2t:^J±S^M 
4s^bTV>5S-&^. «!JW«m^^aOASfitO{c;&-^Tl.^ 

[0 0 8 3] jfe^D. ±jmDmmmLii\^x^. T^j-v-y 

S 1 3 5 {C:feVxT-B^ SM^^bSCaaifitAA 1 

4&-r*»f>. »:©:^v^5'7's i 4 o-r-m^^&^m-rst) 

Ofcbtv^S. tie* 

ia8®p^7^>^7*s 1 0 o~s 1 3 stcffl^-rsioasri^ 



(14) 



nmW- 1 1 -6 9 8 8 4 



[0 0 8 4] ±S;(8){Cn=2.k=l,t2 

L =3 • E 1 ■ t 1/ (Aa 1 - 

gi5^Sr±S (10) ±CD^ 
Stifi»J{c J: S S^^tftm;i'-5=- > J; »3 *) '> > 7';i/3&«jE!K-e 

[0 0 8 5] ±iB^ss^j(c43v>T{i. mm.<Dmt 

L =3-El-tl/(3-al 
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[^a®m#^B£BS] 
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^ o 

[S3] Hffl|lIW^-<J'4 0©H^^3 OtHlte^S 0 

[04] ^mmm^e-'S^ 4 0(DmmMmmx-^?,o 
[05] sjE^AngBi 3 o<Dmm^n'^-rmmmx-$>^o 

[07] U*|{C^iP^tlS«]E43itJfUffi«S£©fl|^* 

[08] «a^tfttfi;u-f^>cDMti*^-r7D— 

[0 9 ] e&*®«^«^tB^B(c i S«M^tftffliSS«* 

[010] :^mmm<DmuM^tiimmiiz^^mm.M^m 
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2Aa2) • • • (10) 

S5fita0®«^l±J (T.y'yyS 1 0 0) As^Si:*:^. * 
fc> 1^m^Ftife«B?Sffia 1 , a 2^c:S-:5v^T«^^^^ba 
Aal, Aa 2S:»t±l-r2.ilSL*)^®i:?&S. 
S 1 3 ST-tt, ^ (5) {Cn=2, m=3, tl = t2 
?fef^AU-C»e.n5ifeS; (11) ica^VNT^ ««Eoa 

Al = (3-al-2-a2)/3 • • • (11) 
*fe, Si (6) {c*tt-e^xtt^ftAbT> 3^;i/#j^cD 
>^^^'>:^L*»:iC (12) cDfl$fKgE*4i>s*»® 

• • • (12) 
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